Study Design. A retrospective analysis of 11 cases. Objective. The aim of the study was to evaluate the effectiveness of anterior cervical and retropharyngeal debridement combined with posterior occipital-cervical fusion in treatment of upper cervical spinal tuberculosis. Summary of Background Data. The anterior approach simply could not provide strong fixation whereas the posterior treatment could not clear up the lesions completely. The method combining anterior and posterior approaches to treat the upper cervical tuberculosis is advisable. Methods. The clinical data of 11 patients with upper cervical tuberculosis who underwent an upper cervical operation in our hospital were retrospectively analyzed. All 11 patients underwent the surgery of anterior cervical and retropharyngeal approaches to debridement, and then, according to the different degrees of patient pedicle destruction and deformity, different occipitocervical approaches were used (either through pedicle screw or laminar screw fixation). After surgery, antituberculosis drugs were administered for 18 months. During the follow-up, neurological function, clinical symptoms, fusion, reducible degree, and complications were all evaluated and documented. Results. Surgeries for 11 patients were performed successfully; anatomical reduction was achieved in nine cases, bony fusion was achieved in all 11 patients, and all cases with tuberculosis were clinically cured in the 18 months after the operation. The Japanese Orthopaedic Association score increased from 8.4 AE 1.3 preoperative to 15.0 AE 1.3 in the last follow-up (P < 0.05). The occipitocervical visual analog scale decreased from 6.7 AE 0.6 preoperative to 0.6 AE 0.6 at the last follow-up (P < 0.05). No serious complications were documented during follow-up. Conclusion. The approach of anterior cervical and retropharyngeal debridement combined with posterior occipitocervical fusion has been proved to be an effective treatment of upper cervical tuberculosis, which plays an important role in removing the lesions, restoring stability, and anatomical reduction.
I
n spite of the fact that upper cervical tuberculosis is a rare clinical disease with only 0.3% to 1% [1] [2] [3] [4] [5] in spinal tuberculosis cases, it is very dangerous. Because of occult onset and the upper spinal cord having a funnel structure against a comparatively high pressure, the timing of conservative treatment was often missed. These patients had to undergo surgery treatment. At present the main treatments of upper cervical tuberculosis are transoral debridement surgery, lesion drainage, 6 and fusion with bone graft with the protection of a halo-vest, and other minimally invasive surgery. The anterior approach or minimally invasive surgery could not provide strong fixation and had a certain risk of cross-infection. There were some risks of instability of the postoperative cervical spine with those treatments. We used the anterior cervical and retropharyngeal debridement approach combined with posterior occipital-cervical fusion to treat 11 cases of patients with upper cervical tuberculosis, and achieved desirable results.
MATERIALS AND METHODS

Patients
Of the 21 cases with UC-TB who underwent surgical treatment in our hospital from January 2002 to June 2012, 11 cases complicated with atlantoaxial dislocation and severe bone destruction were retrospectively analyzed. Seven out of 11 cases were men, and four were women; the average age was 40.4 AE 9.5 years (ranging from 26 to 54 years old). The course of this disease was 11 to 27 (averaging 17.3 AE 4.5) months. There were four cases with atlas tuberculosis and seven with atlantoaxial tuberculosis. Eleven patients presented some extent of occipitocervical pain, five cases presented with upper limb numbness and six cases presented a low-grade fever and night sweats. The cervical x-ray, CT scan, sagittal reconstruction, and MRI displayed vertebral edge blur and bone destruction (as shown in Fig. 1A-C) , some extent of soft tissue swelling on the image and atlant odontoid interval (ADI)of 11 patients was 6.4 AE 2.1 mm. The positive result from the above approaches indicated upper cervical tuberculosis with atlantoaxial dislocation (UCTB-AAD), which was confirmed with biochemical examination.
Preoperative Preparation
Before surgery, all 11 cases underwent angiography of the vertebral artery to assess the degree of vertebrae deformity. Occipitocervical three-dimensional CT scans were used to assess the extent of damage and the pedicle's developmental deformity, difficulties for implanting screws and pedicle, or lamina screw affordability. According to the patients' condition, pedicle screws or lamina screws were used.
Three cases underwent emergency surgery, considering that the paravertebral abscess was larger in dimensional size and the spinal cord abscess compressed the spinal cord more seriously. The other eight patients underwent standardized treatment of antituberculosis drugs (pyrazinamide tablets 0.75 g/day; rifampicin capsules 0.45 g/day; isoniazid tablets 0.3 g/day). Simultaneously, combined with supportive care until the temperature was controlled <37.58C, tuberculosis symptoms were relieved, erythrocyte sedimentation rate (ESR) value < 30 mm/h, and all cases were treated with the same approach in surgery. 
Surgical Procedure
Eleven patients underwent anterior cervical and retropharyngeal debridement and occipital-cervical fusion surgery. Anesthesia methods are used for general anesthesia and intraoperative local application of streptomycin mud was used as well.
Anterior Cervical Retropharyngeal Debridement Surgery
After patients were put in a supine position with a slight cervical extension, a right anterior cervical curved incision was performed. The subcutaneous tissue and platysma were stripped in layers. Sharp dissection was performed up and down along the deep platysma to reveal the deep fascia. Then the deep fascia was longitudinally incised along the inner edge of the sternocleidomastoid. After that, the supraomohyoid was found and incised. The prevertebral space was entered via the interspace between the internal edge of the vascular sheath and the outer edge of the offal sheath. Prevertebral loose tissue was sharp dissected. A suitable vertebra was located with the C-arm ray machine during the operation and it revealed the atlantoaxial joint. Sequestrum, abscesses, and other lesions were removed. The abscess cavity was washed repeatedly and autologous grafting was done if necessary. The surgical cavity was filled with gel foam containing streptomycin. Lastly, a drainage strip was set and the incision was closed accordingly layer by layer.
Posterior Occipital-Cervical Fusion
The patients were changed to a prone position. A skull traction device was installed. After disinfecting the surgical area, the posterior operation was performed. The posterior midline incision was made with a lancet. There was blunt dissection of the subcutaneous tissue layer by layer to reveal the external occipital protuberance and its lower part squama, the posterior arch of the atlas, the lamina, and the pedicle of the axis. If the proximal vertebral artery was damaged, it should be exposed to be ready for ligation to avoid hemorrhaging. Lesions and sequestrum were fully removed. Scrape the diseased tissue to the surrounding healthy bone, and the whole wound surface bleeds slightly. Meanwhile, some diseased tissues were taken for the postoperative pathological examination. According to the extent of the damage of the pedicle and axial body, laminar screws or pedicle screws were selected for fixation (see Table 1 ). After placing and fixing the occipital plate, the C2 spinous was pushed down to reset the atlantoaxial joint, and the precurved titanium rod was installed. The internal fixation was placed well, which was shown by the C-arm ray machine, and the atlantoaxial joint was well reduced. The following irrigation was completed in the operative cavity with providone-iodine solution. After autologous bone grafting, streptomycin gel foam was placed behind the bilateral atlantoaxial joint. The incision was not closed until drainage tube was placed inside.
Postoperative Management
All patients were treated with regular antituberculosis for 12 to18 months after surgery. The drainage tube was not removed after surgery until 48 h later (drainage volume <50 ml). The cervical lateral x-rays and cervical CT scan were reviewed 1 week after operation. All patients were asked to wear a rigid cervical collar for !6 weeks for recovery. The rigid cervical collar was removed when the union of the bone graft or fracture line blurred displayed on the x-ray. Function of liver and kidney are checked periodically.
Efficacy Evaluation
The Japanese Orthopaedic Association (JOA) score 7 formulated by the Japanese Orthopaedic Association was used to evaluate the neurological function and improvement rate (the rate formula: postoperative improvement rate ¼ ([postoperative score -preoperative score]/[17 À preoperative score] Â 100%); the visual analog scale was used to measure the degree of pain of the occipitocervical area. Bony fusion was confirmed with no solid or translucent line around the grafting area and no instrument movement in dynamic radiograph. Complete reduction was confirmed with atlanto-dental interval (ADI) < 3.5 mm.
RESULTS
The pathology in our series was diagnosed with tuberculosis, which was confirmed by the postoperative pathological examination (pathologic results show caseous necrotic tissue or TB-DNA testing positive). Operations of 11 cases were performed successfully (operated by Gao YZ). Clinical data and surgical options are shown in Table 1 . The operation time averaged 205 min (range 175-250 min) with the average intraoperative blood loss of 315 ml (range 200-550 ml) ( Table 2) . Second cervical nerve roots were incised intraoperative due to them blocking debridement and intralesional bone grafting in three cases. During follow-up, these patients did not present with any symptoms, except partial sensory dysfunction. There were no complicated postsurgical complications, such as vertebral artery rupture and upper cervical spinal cord injury, reported during follow-up. All 11 patients were followed up for an average of 39 months. One week later after operation, the lateral radiograph, CT-scan, and MRI findings showed that the disappearance of pus and free sequestrum as well as the clearance of the tuberculosis lesions in all the 11 cases. We also found that internal fixation was well placed. At the final follow-up, nine out of 11 cases had complete reduction, and two had incomplete reduction but compression on the spinal cord was relieved. No patients had neurological deterioration after operation; all patients' JOA(17) score was improved from 8.4 AE 1.3 of before surgery to 15.0 AE 1.3 at final follow-up (Table 2) (P < 0.05). The improvement rate of JOA score was 77.1 AE 16.1%. Seven patients were scaled excellent, two good, and two remained with no changes due to long-term severe spinal cord compression and damage from tuberculosis. The JOA score of 11 patients decreased from 6.7 AE 0.6 before surgery to 0.6 AE 0.6 at final follow-up ( Table 2) . The difference between preoperation and postoperation was statistically significant (P < 0.05). There was one case presented slight craniovertebral pain caused by trauma. The average time of bony fusions of atlantoaxial joint was 4.1 AE 1.0 months (3-6 months). One case achieved bony fusion after 6 months by symptomatic treatment and prolonged external fixation.
DISCUSSION
The upper cervical spine is adjacent to the medulla oblongata, cerebellum, and other vital structures; this anatomical structure is complex. Especially when treating patients with vertebral artery variation and transpedicular malformations, operating would be difficult, high-risk, and intraoperative surgery could easily lead to vertebral artery injury, or even respiratory failure and sudden death. The main treatment for the upper cervical spine was plaster immobilization, halo-device fixation 6, 8 and other conservative approaches. In recent years, there has been rapid 
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Case Reducible Fusion development of Atlantoaxial regional anatomy, vertebral artery angiography, three-dimensional CT reconstruction, and high field strength magnetic resonance imaging. 9 With the development of internal fixation devices and spinal surgery techniques, the number of patients with upper cervical tuberculosis receiving treatment has gradually increased. Some patients with slight bone or soft tissue damage can be cured by conservative treatment or simply posterior surgery. 10 However, most patients have missed the timing of conservative treatment before diagnosis; upper cervical tuberculosis pathogenesis always being occult, they usually require surgery management when diagnosed. Once vertebral-body severely destroyed, conservative therapy was difficult to work whereas surgical treatment could restore and maintain the stability of the upper cervical spine as described by Chaudhary et al 11 Behari et al 12 have achieved satisfactory clinical results by using different surgical methods combined with anti-tuberculosis drugs for treatment according to clinical symptoms and the extent of damage and nerve function. Gupta et al 13 reported that they had taken a comparison on the clinic effect between 16 patients who underwent conservative treatment 1999 to 2004 and patients treated by surgery previously. Results showed that both conservative and surgical treatment could achieve clinical cure, but one patient who underwent the conservative approach died from severe tuberculosis complications. Twenty-one patients with tuberculosis were treated in our hospital in the past 10 years. Eleven of whom underwent surgical treatment because of severe bone destruction and atlantoaxial dislocation. Nine cases were anatomically reduced, and the rest were partially reduced, in spite of this, upper spinal cord compression was removed (showed through cervical MRI). During follow-up, no recurrence or death was documented.
The transoral approach was a traditional procedure of anterior cervical spine surgery, but the operative field was deep and narrow; there were many complications such as mixed infection of oral cavity, posterior pharyngeal abscess, speech change (commonly in pronunciation sound), tongue edema, cerebrospinal fluid leakage, and so on.
14,15 Whitesides and Kelly 16 once used the lateral retropharyngeal approach in management of upper cervical TB and achieved good results. However, this approach has a higher operative risk, because the carotid sheath was often incised when the lesions were revealed. Meanwhile, it is difficult to remove the contralateral lesions because of the obstruction from the ipsilateral verterbral artery that may have a negative effect on the surgical outcome. 17 Eleven cases in our series were treated with the anterior retropharyngeal approach. By using this approach, the anatomical structures are simpler and the prevertebral body was exposed through the gap between the intrathecal edge through the blood vessels and outer sheath offal, reduced the risk of damaging the surrounding nerves. Additionally, this approach avoids the risk of the spread of tuberculosis through the digestive tract. During postoperative follow-up, no signs and symptoms of wound infection and esophageal fistula or other related complications were found.
Tuberculous often erode atlas lateral mass and axial vertebral body. So far, it was difficult to obtain a solid anterior fixation for that, because there was no reliable anterior fixation material under the condition that the vertebral axis and atlas lateral mass was severely damaged. Therefore, at the same time anterior debridement, posterior occipital-cervical fusion was required. 18 These operations not only could further clear up the lesions and provided to a strength of reduction, but also reconstructed stability for upper cervical spine 19, 20 and prevented, or treated deformities caused by tuberculosis. Before surgery, the scew affordability of the axial-pedicle and the extent of damage caused by tuberculosis should be strictly assessed by radiographic. Pedicle screw fixation was preferred. If the pedicle was serious damaged, laminar screw fixation was also acceptable, which was very convenient and could maintain the enough stability for upper cervical spine. [21] [22] [23] All the cases in our series underwent occipital-cervical fusion combined with sufficiently bone graft. There were two cases undergoing double pedicle screw fixation, three cases double lamina screw, and six lamina screws and pedicle screws fixation (side by side, as shown in Fig. 1D-J) . During follow-up, all three methods achieved good fixation and fusion. There was no internal fixation loosening or fracture occurring as well.
Two most important aspects of this approach used are the complete removal of lesions and sufficient bone grafting. If that was performed perfectly, the postcolumn stability and anatomical structures of the upper spine were reconstructed.
Dissection of atlantoaxial tuberculosis should include complete removal of pus within the lesion, caseous necrotic tissue, granulation tissue, sequestrum, and sclerosis bone. 24, 25 During the surgery, because tuberculosis dissection was different from the tumor resection, resection should not be too extensive and healthy bone should retain (spontaneous slight bleeding). Excessive debridement would not only affect the stability of the upper cervical spine, but also increase the risk of damaging surrounding blood vessels and nerves. Numerous studies have shown that tuberculosis debridement would improve the local blood supply, as well as make TB drugs penetrate into the local more easier and worked well. 26 Because of the focus of local tissue necrosis, lack of blood supply and bone sclerosis, 27 when administration of oral or intramuscular were performed, drug concentration in the lesions was often inadequate for ideal sterilizing or bacteriostatic, and streptomycin contained in gel sponge would lead to slowly bleeding which played a very important role in further clearing uncleared TB bacteria. 28, 29 After the application of anti-TB drugs for 1 year, if the patient's occipitocervical radiographic examination showed the presence of abscesses or sequester in localized lesions, the time of drug treatment need to be extended. The time of application of anti-TB drugs on all the patients included was 1 year and a half.
Tuberculosis patients were vulnerable to infections, which led to the increase of body temperature. If the temperature was <37.58, we believed that the other infection has been basically controlled, and then surgical treatment could be performed.
In the upper cervical spine surgical procedure, C2 nerve root often needs to be cut off, due to exposure of the surrounding tuberculosis lesions. Through meta-analysis, Elliott et al 30 suggested that cutting C2 nerve root could reduce surgical blood loss, shorter the operative time, lower the incidence of postoperative neuropathic pain, but the incidence of occipitocervical numbness and other neurological complications was increased. 31, 32 Patel et al 33 found that C2 nerve root was disconnected in pediatric surgery; C2 nerve root-related complications did not appear. In our series, C2 rhizotomy (right or left side) were performed in three cases, because of obstructing the implantation of iliac bone. During follow-up, only one case presented occipitocervical numbness, which did not affect the quality of life. Therefore, we suggest that whether the C2 nerve root could be cut-off should be meet need of the operative.
The main disadvantages of this study were that the number of patients included was limited because upper cervical tuberculosis was uncommon in clinical work, let alone the cases combined with severe bone damage. Therefore, despite good results were achieved, it is very difficult to assess the safety and efficacy exact of this approach by this study. Further follow-up and case collection will be well performed in the future.
Key Points
Through our research, we can draw the following key points:
The anterior cervical retropharyngeal approach was performed to remove lesion, which could avoid the spread of tuberculosis through the oropharynx. This study also confirmed that both pedicle screw and laminar screws can provide well stability and fusion of upper cervical spine. Bone grafting adequately can guarantee a high fusion rate of upper cervical spine.
